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A version of the Standard Model is onsidered, where the eletroweak symmetry breaking is
provided by osmologial initial data given for the zeroth Fourier harmoni of the Higgs eld 〈φ〉.
The initial data symmetry breaking mehanism removes the Higgs eld ontribution to the vauum
energy density, possible reation of monopoles, and tahion behavior at high energies, if one imposes
an inertial ondition on the Higgs potential VHiggs(〈φ〉) = 0. The requirement of zero radiative
orretions to this inertial ondition oinides with the limiting point of the vauum stability in the
Standard Model. The latter together with the diret experimental limit gives the predition for the
mass of the Higgs boson to be in the range 114 < mh <∼ 134 GeV.
PACS numbers: 97.60.Bw, 11.15.-q, 12.15.-y, 12.38.Qk, 98.80.-k
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INTRODUCTION
The disovery and study of the Higgs boson are of the highest priority for the modern elementary
partile physis [1, 2℄. The aepted desription of the Higgs eld is based on the lassial Higgs potential.
However, there is a well know list of onsequenes (inluding the tremendous potential vauum energy
density, possible reation of monopoles, a tahion behavior at high energies, a ne tuning required to avoid
the triviality and instability bounds, and so on) that are inompatible with osmologial observations
[3, 4, 5, 6℄.
In the present paper, we suggest to overome these problems, by onsidering a model, with a speial
ondition on the Higgs potential in a single point, whih provides that the Higgs eld ontribution to the
vauum energy density is zero. The very statement of the problem assumes that the ondition should be
established within Cosmology, and the zeroth harmoni of the Higgs eld should have a dynamial status
[7℄. Introdution of a ondition on the potential an be unambiguously performed if we have nontrivial
initial data in the dynamial equations. For this reason we start with a derivation of osmologial
equations in the framework of the Hilbert variation priniple with onstraints of initial data.
The paper is organized as follows. First we formulate a osmologial model separating zeroth harmonis
of all salar elds in the General Relativity (GR) and the Standard Model (SM). In Set. 3 the zero mode
initial data problem is disussed on the lassial level. The SM partile ontributions into the osmologial
energy density are onsidered in Set. 4 on the quantum level. The Higgs eet in the osmologial model
is studied in Set. 5. A disussion of results is given in Conlusion. Through out the paper we will use
the units






Let us start with the General Relativity given by the sum of Hilbert's ation [8℄ and the SM one [9℄









µφ+ LSM(φ) + ∂µQ∂µQ− VU(Q)
]
. (2)
The Riemannian spae-time with the interval ds2 = gµνdx
µdxν is assumed. The Standard Model La-










µ − VHiggs(φ) + LSM(φ = 0). (3)
2Here we separated terms with Higgs oupled to vetor (v) and fermion (f) elds, and the potentials of
salar elds φ,Q.
Modern osmologial models [5, 6, 11, 12, 13, 14℄ are based on the so-alled osmologial priniple in-
trodued by Einstein [15℄. In his model, matter is evenly distributed in the Universe and the osmologial
time is dened so that loal harateristis of the Universe averaged over a large enough area depend
only on this time [16℄. Reall that, in the modern models, loal salar harateristis of the Universe
evolution averaged over a large oordinate volume V0 =
∫
d3x (i.e. zeroth harmonis)
log a ≡ 1
6V0
∫
d3x log |g(3)|, 〈φ〉 ≡ 1
V0
∫




depend only on the osmologial time dt = a(η)dη of the onformal-at interval
ds2 = a2(η)[(dη)2 − (dxj)2], (5)
where dη = N0(x




−g˜ g˜00〉−1 is the global lapse funtion arising in the seond term of ation
SGR[g = a
2g˜, f = a−3/2f˜ , φ = φ˜a−1] ≡ SGR[g˜, f˜ , φ˜] + V0
η0∫
η=0
dηaa′′, a′ = da/dη (6)
after the onformal transformations of elds in ation (2) [17, 18℄. Then the separation of the zeroth
harmonis
φ = 〈φ〉 + h/
√
2, Q = 〈Q〉+ q/
√
2 (7)
from the nonzero ones
∫
d3xh = 0 assoiated with salar partiles determines a osmologial model in a
at spae-time d˜s
2
= (dη)2− (dxj)2. Following [19, 20℄ we shall onsider this onformal-at osmologial

















where P eF , Plog a = 2V0aa
′
, P〈φ〉 = 2a
2V0〈φ〉′, and P〈Q〉 = 2a2V0〈Q〉′ are anonial onjugate momenta.
The global lapse funtion N0 is the Lagrange multiplier so that the variation of ation (8) with respet
to this lapse funtion,
δS
δN0
= 0, leads to the energy onstraint




U(a) ≡ P 2〈φ〉 + P 2〈Q〉 + 4V 20 a6 [VHiggs(〈φ〉) + VU (〈Q〉)] + 4V0a2H(a〈φ〉|F˜ ), (10)
an be onsidered as the square of the Universe energy, beause log a is treated as the Universe evolution
parameter in the Wheeler-DeWitt eld spae of events [log a|〈φ〉, 〈Q〉, F˜ ] [19, 20℄, and H(a〈φ〉|F˜ ) is the
Hamiltonian of the SM with masses saled by the sale fator m = mF0a(η). Reall that in the ase
of the Higgs potential VHiggs = λ(〈φ〉2 − c20)2 the masses of vetor (Z,W ), fermion (f), and Higgs (h)
partiles:
MW = 〈φ〉gW , MZ = 〈φ〉
√
g2 + g′2, mf = 〈φ〉gf , mh = [4λ〈φ〉2 + 2(〈φ〉2 − c20)]1/2 (11)
arise in the lowest order in the oupling onstant. Quantity 〈φ〉 is the solution of the equations of motion
following from the emerging osmologial GR&SM ation (8).
3INITIAL DATA AND OBSERVABLE VARIABLES IN COSMOLOGY
It is reasonable to dene initial data in terms of onformal time, beause the oordinate-distane 
redshift relation r(z) is determined by the onstraint Plog a = ±EU(a) = 2V0aa′ and the light-one interval
d˜s
2
= dη2 − dr2 = 0, so that


















P eF ∂log aF˜

+ P〈Q〉∂log a〈Q〉+ P〈φ〉∂log a〈φ〉] ∓ EU(a)

 , (13)
where the role of the evolution parameter is played by the logarithm of the osmologial sale fator. It is
aepted [4℄ that the initial instane η = 0 is absolute, there is the time arrow η ≥ 0, and the primordial
value of the sale fator was very small. In partiular, the Inationary model [4℄ assumes the Plank
epoh, where a(η = 0) = aI ∼ 10−61 in units (1). Following the Plank epoh hypothesis, we assume
that at the initial instane η = 0 there an be nontrivial data for the zeroth harmonis (4):
a(η = 0) = aI , Plog aI = EU(aI), (14)
〈φ〉(η = 0) = φI , P〈φ〉I = 2V0Hφ, (15)
〈Q〉(η = 0) = QI , P〈Q〉I = 2V0HQ; (16)
whereas all initial data for loal elds are equal zero, i.e. there were no any partile-like exitations.
Therefore, at the Plank epoh, one an neglet ontributions of all elds exept the ones of the salar
eld zeroth modes. Note also that for the Plank epoh value aI ∼ 10−61 the ontribution to the
osmologial equation (10) of the salar eld potentials a6 [VHiggs(〈φ〉) + VU (〈Q〉)] is suppressed by the
fator a6 ∼ 10−366 in omparison with the kineti energy. On the lassial level, the Universe energy
(10) in the neighborhood of the osmologial singularity point, a = 0, takes the form















is the potential-free energy of inertial motion of the zeroth salar eld harmonis. The eld Hamiltonian
H(0|F˜ ) in this limit looks like the one of the massless Standard Model in the at spae-time with interval
d˜s
2










Due to (17) and (19) the onstraint-shell ation (13) is a sum of the osmologial and eld ations:



























4Ation (21) orresponds to the most singular primary energeti regime of the Universe rigid state. On
the lassial level the partile ontent of the Universe desribed by ation (22) at the initial moment is
very poor.
At the viinity of a → 0, the onsidered osmologial model is redued to a relativisti onformal
mehanis with the onstraint on the initial momenta
CU[P, F˜ ] ≡ P 2log a − E2U (0) = 0. (23)
A partial solution of the zero mode equations for the ation (21)
∂log aP〈φ〉 = 0, ∂log aP〈Q〉 = 0, ∂log a〈φ〉 =
P〈φ〉
EU(0)




inluding the interval (19) takes the form





























As stated above the potential terms in the onstraint (10) are suppressed at the Plank epoh by the fator
a6 = 10−366 with respet to the ontribution of nonzero initial momenta (14)  (16). If the potentials
are negleted in the equations we obtain the solutions well known as the rigid state Ωrigid 6= 0, when the
density is equal to the pressure. Note that one an assume the trivial initial data for the momentum of
the Higgs eld zeroth harmoni:
P〈φ〉I = 0. (28)
The averaged value of this harmoni is related to the Weinberg oupling gW and the vetor boson mass in
the standard way (25). The initial data for Q eld (26) with nonzero momentum is required to initialize
the Universe evolution in an analogy to inaton models.
One an see that the identiation of log a with the evolution parameter unambiguously determines
the energy in the ation (21) as solutions of the energy onstraint (23) with respet to the orresponding
anonial momentum Plog a = ±EU [19℄. Among these solutions there is a negative one. This means that
the lassial system is not stable in the eld spae of events [log a|〈φ〉, 〈Q〉]. Like a stable orbit of an atomi
eletron, the stable Universe has a quantum status. The primary quantization of the energy onstraint
(9) C(P ) = 0 → C(Pˆ )Ψ = 0 and the seondary one Ψ → Ψˆ = (2EU)−1/2[Aˆ+ + Aˆ−]; [Aˆ−, Aˆ+] = 1 with
the vauum postulate Aˆ−|0 >= 0 give us the tra rules in the eld spae of events
Plog a ≥ 0, aI < a; Plog a ≤ 0, aI > a (29)
and the arrow of time η ≥ 0 is given by Eq. (12) for both values of the energy Plog a = ±EU [23℄. Thus,
the time arrow problem is solved by both the primary quantization of the energy onstraint (23) and the
seondary one in the spirit of QFT anomalies arising with the onstrution of vauum as a state with
minimal energy [23℄. One an say that the arrow of time η ≥ 0 is the evidene of the quantum nature of
our Universe.
As it was disussed yet by Friedmann more than 80 years ago [16℄ with a referene to the Weyl idea
of the onformal symmetry [24℄, the Einstein General Relativity (6) admits two types of osmologial
variables and oordinates that an be identied with observable quantities. These two types are marked
on the left and right hand sides of (6) as F, ds and F˜ , d˜s. Now both these variables the standard, (F, ds),
and onformal, (F˜ , d˜s) are well-known in urrent literature [25℄ as two dierent types of Cosmology:
the Standard Cosmology (SC) with a hot temperature TSC = T0/a(t), expanded distanes RSC =
ra(t), and onstant masses mSC = m0, and the Conformal Cosmology (CC) with onstant onformal
temperature TCC = T0, oordinate distanes RCC = r, and running masses mCC = m0a(η) dened by
〈φ˜〉 = a〈φ〉, respetively [26, 27, 28℄. Standard variables R, t are used as a mathematial tool to solve
5the Shrodinger wave equation Ψ˜
(k)
A (η, r) with the running mass and size. It gives equidistant spetrum
−i(d/dη)Ψ˜(n)A (η, r) = [α2m0/(2n2)]Ψ˜(n)A (η, r) for any wave lengths of osmi photons remembering the
size of the atom at the moment of their emission [18℄.
In the rst ase (SC) we have the temperature history of the Universe; whereas in seond ase (CC), we
have the mass evolution, where the onstant old Early Universe looks like the hot one for any partiles
beause their masses are disappearing.
The best t to 186 high-redshift Type Ia supernovae and SN1997 data [29, 30℄ requires osmologial
onstants ΩΛ = 0.7 and ΩColdDarkMatter = 0.3 in the ase of the osmologial evolution of lengths (SC).
In the ase of the osmologial evolution of masses (CC) these data are onsistent with the rigid state
regime of inertial motion Ωrigid ≈ 0.85± 0.10. In both the ases the Friedmann equation takes the same
form
ρ(a) ≡ H20 [Ωrigid + a2Ωradiation + a3ΩM + a6ΩΛ] = a′2, (30)
where ρ(a) is the onformal density and H0 is the Hubble parameter in units (1). In ontrast to the SC,
the t in the CC almost does not depend on the ΩColdDarkMatter value [26, 27, 28℄.
Calulation of the primordial helium abundane [11, 27℄ takes into aount Ωb ≃ 4 · 10−2, weak
interations, the Boltzmann fator, (n/p) e△m/T ∼ 1/6, where△m is the neutron-proton mass dierene,
whih is the same for both SC and CC, △mSC/TSC = △mCC/TCC = (1 + z)−1m0/T0, and the square
root dependene of the z-fator on the measurable time-interval (1 + z)−1 ∼ √tmeasurable (see Eq. (27)).
Thus, in CC the rigid state regime initiated by the inertial evolution of the salar eld zeroth modes
without any potentials is the dominant regime for all epoh inluding the vauum reation of partiles.
COSMOLOGICAL CREATION OF SM PARTICLES





















in the at spae-time d˜s
2























[33, 34, 35℄. The zeroth harmoni l
2 = 0 in the sum (32) is exluded
beause the transverse (T ) vetor and tensor elds are onstruted by means of the inverse Beltrami-
Laplae operator ating in the lass of funtions of nonzero harmonis with the onstraint
∫
Fd3x = 0.
The free partile Hamiltonian ontains the Casimir energies [31℄, positive for bosons AF = +1 and
negative for fermions AF = −1, vanishing in the large volume limit.

































in ation (8) is not anonial. Therefore, the transition from eld variables to the observable quantities
(onformal oupation number and one-partile energy) has physial onsequenes in the linear form (33).
They are soures of reation of pairs from the stable vauum:
△˜F=vT ,f = log
√




△˜F=h,q = log a√ωF , △˜F=Q,hTT = log a; (35)
6here v = v|| + vT are elds of W and Z vetor bosons, f are fermions, hTT is graviton, h is a massive
salar (Higgs) partile (see the massive vetor theory in detail in [22, 32℄).
The equation (6) shows us that the onformal fermion soure (34) log
√
ωf diers from the standard
one by the term (3/2) log a whih an lead in SC to intensive reation of massless fermions forbidden by
observational data and general theorem of eld theory [35℄.
In omparison with the lassial eld theory with arbitrary oupation numbers onsidered before, the
new element of QFT is the stable vauum b−F,l|0 >= 0, where b−F,l is the operator of annihilation of a
quasi-partile dened by the Bogoliubov transformation of the operator of partile F+
l
= αb+F,l + β
∗b−F,l,
so that the equations of motion of the Bogoliubov quasi-partile beome diagonal ∂ηb
±
F,l = ±ωbb±F,l, where
ωb is the quasi-partile energy [33, 34℄.
Aording to these formulae (33)  (35) massless partiles, photons and neutrinos, annot be reated
in homogeneous Universe (see [33℄). There is an estimate in [33℄ that fermions and transverse vetor
bosons (34) are not suient, in order desribe the present-day ontent of the Universe. The reation of
gravitons is suppressed by the isotropization proesses disussed in [33℄. It was shown [22℄ that just the
longitudinal W , Z vetor bosons are the best andidates in SM to form the radiation (Ωradiation) and the
baryon matter (Ωb) ontributions to the Universe energy budget in the Conformal Cosmologial model.
The Higgs partile reation is similar to the one of the longitudinal omponents of the vetor bosons
(ompare (35) and (34)).
The reation of vetor bosons started at the moment, when their wavelength oinided with the horizon
length M−1v = (avM0W)




. This follows from the unertainty priniple that gives




≃ 27 · 10−45 = (3 · 10−15)3 → av ≃ 3 · 10−15 = (1 + zv)−1. (36)
As it was shown in [36℄ using the salar eld model that taking into aount interations
∂ηv
±(k, η) = ±iωvv±(k, η) + ∂η△v||(η)v±(k, η) + i[Hint, v±(k, η)] (37)
an lead to the ollision integral and the Boltzmann-type distribution. As a model of suh a statistial








where Tv is the boson temperature treated as the measurable parameter of
the partile distribution funtion in the kineti equation with the ollision integral.
The value of the vetor boson temperature diretly follows from the analysis of the numerial alula-
tions in [22℄, from the dominane of longitudinal vetor bosons with high momenta n(Tv) ∼ T 3v and from






is equal to the inverse Hubble parameter, if
initial data (36) is hosen. In the ase of relativisti bosons n(Tv) ∼ T 3v and σsatt ∼ 1/M2v the vetor
boson temperature value Tv ∼ (M2vHv)1/3 = (M20WH0)1/3 ∼ 3 K, is lose to the observed temperature
of the osmi mirowave bakground radiation. So the temperature arises in this ase after reation of
partiles and it is desribed in the usual way [36℄. Note that the masses of those partiles is provided by
the standard mehanism of the absorbtion of the extra Higgs eld omponents. The latter happens due
to the nonzero Higgs eld vauum expetation value, whih already existed at the initial moment η = 0,
when there were no any partiles and hene no temperature.
In this way CMB inherits the primordial vetor boson temperature and density, Ωrad ≃ M2W · a−2I =
10−341029 ∼ 10−5. In the early epoh with the dominant abundane of weak bosons (due to the
Bogoliubov ondensation), their Bell-Jakiw-Adler triangle anomaly and the SM CKM mixing in the
environment of the Universe evolution lead to the non-onservation of the sum of lepton and baryon
numbers and to the baryon-antibaryon asymmetry of matter in the Universe
nb
nγ
∼ XCP ∼ 10−9.
The present-day baryon density is alulated by the evolution of the baryon density from the early
stage, when it was diretly related to the photon density. So that its presentday value is equal to
Ωb ≃ 10−3410−91043(av/aL)3 ≃ αW = αQED/ sin2 θW ≃ 0.03, where the fator (av/aL)3 ≃ αW arise as
a retardation aused by the life-time of the W-boson [22℄.
Thus we gave a set of argument in favor of that the GR and SM aompanied by a salar eld Q an
desribe osmologial reation of the Universe with its matter ontent
< 0|CˆU[P, F˜ ]|0 > = 4V 20 a2[a′2 − ρ(a)] = 0, (38)
7in agreement with the observational data in (30), where Ωrigid = 0.85 ± 0.10, Ωradiation ≃ 4 · 10−5, and
Ωb ≃ 3 · 10−2, if observables (one-partile energy, oupation number, temperature, distane, time, et.)
are identied with onformal variables with inertial initial data [22, 28℄. ΩCDM ≃ 0.3 an be onsidered
as the input parameter for tting Q-partile potential parameters.
In order to pose the problem of a more aurate alulation that an be done in this model in future,
one needs to establish the parameters of the Higgs potential. It is the topi of the next setion.
HIGGS FIELD CONTRIBUTION TO ENERGY DENSITY
The nonzero average of the Higgs eld given by the initial onditions provides the eletroweak symmetry
breaking required by SM. In the Standard Model embedded in the osmology equations (24), the values
of the initial data (15) are diretly dened by the other parameters of the model: φI = MW /gW .
On the lassial level the introdution of the initial data for the Higgs eld allows us to onsider the
situation, when the parameter c0 ≡ 〈φ〉 in the Higgs potential, so that
VHiggs(φ) = λ
[
φ2 − 〈φ〉2]2 , VHiggs(〈φ〉) ≡ 0. (39)
In this way we an remove ontribution of the Higgs eld zeroth harmoni into the energy density together
with possible reation of monopoles and tahions.
In the perturbation theory loop diagrams lead to the ColemanWeinberg potential [38℄, whih an
substantially modify the initial lassi potential leading to the ne tuning problem in the Standard
Model. Contrary to the ase of the SM, loop orretions an not shift the position of the minimum
in (39) beause of the symmetry in the potential.
In our ase the ondition
Veff(〈φ〉) = 0 (40)
is the natural onstraint of the unit vauum-vauum transition amplitude at the point of the potential
extremum:
Veff(〈φ〉) = −iTr log (< 0|0 > [〈φ〉]) , < 0|0 > [〈φ〉] = 1 =⇒ Veff(〈φ〉) = 0. (41)
In other words, the ondition is motivated by the priniple of minimization of the vauum energy and by
the very denition of the lassial potential.
So we should have the zero value of the ColemanWeinberg potential and of its derivative for φ = 〈φ〉.
These onditions orrespond to the vauum stability boundary in the Standard Model as disussed in
Ref. [39℄. The boundary has been extensively studied in the literature (see review [40℄ and referenes
therein). The orresponding equation an be resolved with respet to the Higgs mass, whih than depends
on the masses of top-quark, Z and W bosons, on the EW oupling onstants, and on the value of the
ut-o parameter Λ, whih regularizes divergent loop integrals. The modern studies [41, 42, 43℄ whih
inlude omplete one-loop with a ertain resummation for the running masses and oupling onstants
and the dominant two-loop EW ontributions. They are in a reasonable agreement with eah other and








For very high values of the ut-o Λ → 1019 GeV one gets mh > mbound.h ≈ 134 GeV. These values
mbound.h in the Standard Model orrespond to the limiting ase, where the model breaks down. On the
ontrary, in our ase these values are just our preditions for mh:
52 GeV <∼ mh <∼ 134 GeV. (43)
Numerous experimental data indiretly support the existene of a SM-like Higgs partile of a relatively
low mass [44℄: mh(SM fit) = 129
+74
−49 GeV with the diret experimental limit mh > 114.4 GeV at the 95%
CL [45℄.
8So one an see that the Standard Model deserves new physis ontributions parameterized by the ut-o
not lower than at a rather high energy sale ∼ 100 TeV.
The domain of Higgs masses below 134 GeV (and higher) will be studied soon experimentally at the
Large Hardon Collider (LHC). Higgs bosons with suh masses deay mainly into pairs of b-quarks [2, 40℄.
As onerns the prodution mehanism, for the given range of mh the sub-proess with gluon-gluon fusion
dominates [46℄ and the orresponding ross setions provide a good possibility to disover the Higgs boson
at the high-luminosity LHC mahine.
Real Higgs partiles reated in the Early Universe were important for the energy budget of the Universe
as desribed above. The present-day ontribution of Higgs partiles is vanishing, sine the prodution
rate desribed by Eq. (37) is suppressed for the present-day value of the Hubble parameter.
The initial data senario removes the innite potential vauum energy density, reation of monopoles,
and tahion behavior at high energies, beause the Higgs potential has form (39) whih an be ast as
VHigss
(



















∼ 0.2÷ 0.3 . (44)
CONCLUSION
The Higgs eet was studied in the osmologial model following from the emerging GR&SM ation (8)
supplemented by the additional Q eld under the assumption of the potential-free (inertial) zeroth mode
dynamis of both salar elds VHiggs(〈φ〉) = 0,VU(〈Q〉) = 0. So that the potential vauum energy density,
possible reation of monopoles, a tahion behavior at high energies are exluded from the very beginning.
The spontaneous symmetry breaking an be provided by initial data of the zeroth harmoni of the salar
Higgs eld 〈φ〉 = MW /gW , 〈φ〉′ = 0 without its ontribution to the energy density. The latter an be
formed by an inertial motion of the zeroth harmoni of an additional salar eld P〈Q〉 = 2V0H0
√
Ωrigid.
In the neighborhood of the point of osmologial singularity, this motion orresponds to the most singular
primary energeti regime of the rigid state. The researh of the onstraint-shell dynamis in terms of the
onformal variables shows us that at the point of osmologial singularity there is no any physial soures
of the ination mehanism.
In the limit of osmologial singularity a = 0, GR and SM ontain the proess of vauum partile
reation. This vauum partile reation is desribed as the Bogoliubov vauum expetation value of
the energy onstraint operator. The estimation of this vauum expetation value is in agreement with
the observational data, if observable quantities are identied with the onformal variables [22℄. These
variables are distinguished by both the observational Cosmology and partile reation tool. This Con-
formal Cosmology is not exluded by modern observational data inluding hemial evolution and SN
data [47, 48℄, if at all these epohs the primordial rigid state dominates
√
Ωrigid ∼ 1.
In the new Inertial senario the CMB onformal temperature is predited by the ollision integral kineti
equation of longitudinal vetor bosonsW and Z together with the Higgs partiles. The temperature arises
as the onsequene of the primordial partile ollisions after their reations in the old Universe lled in
by the Q zeroth harmoni energy density.
In order to pose a problem of more aurate alulation that an be done in this model in future, we
established the parameters of the Higgs potential that follow from the LEP/SLC experimental data. The
present t of the LEP/SLC experimental data indiretly supports rather low values of the Higgs mass,
114 < mh <∼ 134 GeV, predited in our approah.
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